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LITERATURE BACKGROUND 
The chemistry of the three membered heterocyclic com-
pounds is equivalent by and large to the chemistry of ethylene 
oxides and ethylenimines. Most ~f the work on these compounds 
is concerned with reactions involving ring opening. For this 
reason, and because the thesis work involved a ring ~pening 
process of an ethylenimine derivative, this secti~n will be 
devoted to a brief survey of such reactions of ethylenimines 
and the related ethylene oxides. 
The fact of st r ain inherent in these three membered ring 
compounds if strikingly brought out in t heir chemical be-
havior . The breaking ~f the carbon- oxygen or carb~n-nitrogen 
bond occurs with a degree of ease unknown in analogous pro-
cesses of ordinary ethers or amines . The high reactivity of 
the ring compo unds should be re l ated to the di storted bond 
angles, and thus to the energy rich condition in these com-
pounds. 
When ethyle ne oxide or e t hylenimine i s treated with hydro-
bromic acid, the ring is ope ned as follows: 
,....,o, ... oM a.. 1 . H~ , /o, • I c.f4a. -e ~ .... e .. .,- CHa. ~ t Ha.- c Ua. 
If ... ,u NMa. ~ • , w,~ 
2 . /IV' H f1.r + -J t I c.a.t~- eJ(., .... c. MAo- c. Ma. cA .. - cHa. 
The initial attack, in both the above reactions, is by a 
proton on the oxygen ~r nitrogen to form the appropiate 
ii 













d1- Phenyla anine was converted to its ethyl ester . 'ol l)w-
ing the directions of f~rrer, ortmann and uter (1 3) , the 
ethyl ester )f dl - phenylalanine was C)nverted with lithium 
aluminwn hydride t'J dl-phenylalaninol . Treatment :>f d1- phenyl -
alanin~l ith concent r ated hydrobr)mlc a cid in a sealed tube 
yielded 2 - amino -1-bromo -3-phenylpropane hydro b rJmide . lhen 
1 2 - amino -1-br~mo - 3 -phenylpropane hydr~bromi de was treated with 
benzenesulfony1 chloride and sodium hydr)xide , 1-benzenesul-
fonyl - 2 -benzyl ethyl e nimine was formed . 'l'he 1-bromJ- '2 - benzene-
sulf)na ido-.5-phenylpropane vas obtained by tre at ing 2 - amino -
1-bromo -~-phenylpropane hydro b romi de with benzenesulfonyl 
chloride and s odium ca rbonate. 
It was demonst r ated that if 1-be nzenesulfonyl-2-benzyl-
ethylenimine was refluxe d with concentrated hydrobro ic acid , 
the product was 1-bromo-2-benzene sulfo namido-3-phenylp rop a ne. 
Also, that sod iwm hydroxide converted 1-bromo-2-benzenesul-
f ·:mamido -3-pheny1propane to 1- benzenesulf ony1 - 2 - benzylethy1-
1en i mine . 
II 
I 
I 
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imine ring was of aliphatic nature. attack by a nucelophic 
agent such as the bromide 1on took place on the less substitut-
ed carbon of the ring. 
16. 
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Experiment 2: Reaction of l-Benzenesulfonyl-2-Bromomethyl-
ethylenimine v.ith Benzene in the presence of 
one mole of Aluminum Chloride . 
The conditions and the quantities used in this reaction 
were the same as xperiment l, except that the amount of alum-
inurn chloride was increased to give a 1:1 molar ratio with the 
1-benzensulfonyl-2-bromomethylethylenimine. 
From the reaction there was obtained b.6b g. of material 
having m. p. 88-90° . One recrystallization from lb ml. of 
alcohol furnished 4 . ~S g . lhe melting point alone or mixed 
0 
with starting material was 88 . 5-90 • The recovery was cal-
culated to be 5b.0~. 
Experiment 3: Reaction of 1-Ben~enesulfonyl- 2-BromJmethyl-
ethylenimine with two moles of Benzene, one mole 
of ·Aluminum Chloride, using Nitrobenzene as the 
solvent. 
To 75 ml. of dried nitrobenzene in a 3-necked ground glass 
flask fitted with a stirrer and a mositure-protected condenser, 
was added 4.26 g. (0.0119 mole) of 1-benzenesulfJnyl-2-bromo-
methylethylenimine, 2.08 ml. (0.0238 mole) of benzene and 1.58g. 
(0.0119 male) of aluminum chloride. The reaction was placed 
on the steam bath for three hours. The solution tJok on a 
dark amber color, but no acid gases were evolved during the 
re a ction as shJwn by test with wet litmus paper. The solution 
was p oured into a beaker containing 200 g. of ice-water and 
5 ml. of cJnc. hydrochloric acid. The nitrobenzene was removed 
by steam distillation and the water-oil residue that remained 
was extracted with three-100 ml. portions of ether. The ether 
was washed with water and dried over magnesium sulfate. All 
solvent was removed and the residual oil dissolved in 20 ml. 
of ethyl alcohol and cooled. There was obtained 3.16 g. of 
0 
material with m. p. 78-82 • One recrystallizatiJn from 10 ml. 
of alcohol gave 2.68 g. of material m. p. 88.5-89.5°. A mixed 
melting point with starting ma terial gave m. p. 88.5-89.8°. 
The recovery of starting ma terial was 62.8%. 
I 
I 
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21. 
The residual oil could not be crystallized from alcohol. 
A sodiL~ fusion was carried out on the above crystalline 
material. A positive test was obtained fro nitrogen and sulfur; 
a negative test for br~mine . 
The material was soluble in ethyl alcohol, acetone, ethyl 
acetate and acetic acid, but insoluble in sodium hydroxide 
solution. 
.. 
Analysis: Calculated for C11 H~ 1 NSq: C, 71.'7'1; R, o.02 : 
N , 3.99. ~ound C, 7~ .08; H, o.O~; , 3.80 
• All analysis were performed by Carol Fitz, 
llb Lexington Ave ., Needham Heights 15, ~ass. 
All melting points are uncorrected. 







Experiment 5-5: Attempted reduction of unknown material from 
Expe rime nt 4, using Lithium Aluminum Hydrid e 
with Dioxane as solvent. 
To a 300 ml. flask fitted with a stirrer, condenser, and 
dropping funnel was added 0.1 g. (0.00028 mole) of unknown 
material from Experiment 4, 100 ml . of dioxane and 1.5 g . 
(0.039 mole) of lithium aluminum hydride. After refluxing 
for two hours, the reaetion mixture was cooled and dilute 
hydrochloric a~id added dropwise. The reaction mixture was 
steam distilled to remove the dioxane, cooled, and made basic 
by the addition of sod ium hydroxide solution. This basic 
mixture was extracted thoroughly with ether. 
To isolate any amine, the ether extract was extracted 
with three-50 ml . portions of dilute hydrochloric acid . 
Acid extract was made basic with excess sodium hydroxide 
solution and extracted with ether. Th is ether extract was 
washed with water , dried over magnesium sulfate, and then dis-
tilled from a steam bath to yield a colorless oil. Upon ex-
posure to air, the oil absorbed carbon dioxide to form 0.008 g . 
(10.1%) of the amine carbamate; m. p. 84-85,oa . 
A mixed melting po int with starting material gave m. p. 
128-129°. The recovery of the starting material was 70%. 

Experiment 6: Preparation of #l,~ ·Diphenyl Propbnic Acid. 
This material was prepared according to a m)dified pr~· 
cedure of Vorlander, Rack and Leister (2 5). 
In a three-necked 500 ml. flask fitted with a stirrer and 
condenser was placed 15.0 g. (0.101 mole) of cinnamic acid, 
190 ml. Jf dry be~zene and 25.0 g. (0.187 mole) of anhydr~us 
aluminum chloride. The reacti)n mixture was refluxed on the 
steam bath for thirty-six hours. After C?Jling the mixture, it 
was poured into a beaker containing 200 g. of ice-water and 
35 ml. of c':lncentrated hydrochloric acid. This mixture was 
extracted with ether, the ether washed with water and drie 
over magnesium sulfate. The ether extract, after concentration 
to a small volume, was cooled, and yielded 18.6 g. ':If white 
crystalline material; m • .P• 149-152° .. One crysta1lizati)n 
fr:)m benzene-1igroin af orded 17.1 g. (75%) of pureP,P-dipheny1 
pr)pionic acid; m • .P• 151-152°. The yield of pure product 
(m. p. 152)) previ)usly reported was 90%. 
31. 
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Experiment 8: Preparati~n of ~13-Diphenyl Propylamine 
Hydrochloride. 
In a 300 ml. flask was placed 3.0 g. (0.0133 mole) of 
,P1 P - diphenyl propionamide, 100 ml. Jf dry ether and 1.5 g. 
(0.039 mole) of lithium a luminum hydride. The reaction mixture 
was refluxed on the steam bath fJr three hours. Upon cooling 
the mixture, water was added dropwise and the mixture made 
basic by the addition of 50 ml. of 40% sodium hydr~xide solution 
The mixture was thoroughly extracted with ether and the ether 
extract washed with water and dried over magnesium sulfate. 
Dry hydrochloric acid was bubbled through the ether solutiJn 
and yielded crystalline solids. The SJ lids were removed by 
filtration, air dried, and weighed 1.16 g. having m. p. 214-218~ 
One crystallization frJm 50 ml. of absolute ethyl furnished 
1.07 g. (32.4%) of pure 3 3~ diphenyl p ropylamine hydrJchloride 
• J 
having m. p. 218-219°. 
33. 
Experime nt 9: Preparation of the Benze nesulf~nyl derivative 
of 3 3 -D iphenyl P r0pylamine. 
" 
To a vigorously stirred solution of 0.1 g (0.0004 m~le) 
of 3 , 3- di phe nyl propylamine hydrochloride in 5 ml. of water 
was added 0.6 ml. (0.0047 mole) of benze ~e sulfonyl chloride 
folloned imme diat e ly by 5 ml. Jf a 4 0% sodium hydroxide solutiJn 
After the mixture had b ee n stir r ed for thirty minutes at roJm 
temp e rature , ~t was filtered and the solids washed and p res s ed 
on the funn e l. This material, dried in the air, weighed 0.12 g 
(85%) and h ad m. P• 12 7-129°. It was crystallized from 3ml. 
r:>f abs0lute ethyl alcohol to yi ~ ld _ 0.~89 g . (64.%) of.-3_. 3 -d i-
phenyl propyl benzenesulfonam i de, m. p . 1 '38-129° . 
34 • 
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Experiment 12: Attempts at isolatiJn Jf further products fr~m 
tarry residue obtained in Experiment 4. 
A vacuum distillation was tried Jn 15 g. of the tarry oil 
using a Vigreux column. The temperature :>f the flask was 
slowly raised to 100° with the pressure maintained at 0.02 mm. 
No distillate was obtained and the oil turned dark mrown. 
When the temperature was increased to 200°,dec ·:>mposition began 
as evidenced by an increa~e in the pressure. Several other 
attempts were made to distill the oil, but with no success. 
Five grams of the oil were treated with 5 -ml. of concen-
trated hydrJchloric acid in a sealed tube .at 110° for two hour~ 
A large amount :>f charring occurred and no products could be 
isolated from the reaction. 
3?. 


Experiment 14: Reaction of N-( ~,1!' -diphenylisopropyl)-benzene-
sulfonamide with Benzene and Aluminum Chloride. 
In a 100 ml . flask , fitted with a stirrer and moisture -
protected condenser, was placed 0.9? g . (0.0027 mole) of 
N- (,8,~' -diphenylisopropyl)-benzeneslllfcm~ide, 60 ml. of benzene 
and O. b6 g . (0.004 m::>le } of aluminum chloride . 'l'he reacti':ln 
mixture was placed on the steam bath for three hours. After 
ca)ling, the mixture was pollred into a beaker containing bO ml . 
of ice-water and b ml . of concentrated hydrochloric acid . 'l'wo 
layers f1rmed and were separated . 'l'he lower aqueous layer was 
extracted with ether; the ether extract was combined with the 
benzene layer and dried over magnesium sulfate . All solvent 
was removed by distillation, leaving a colorless, heavy oil . 
This oil was dissolved in 10 ml . of alcohol and up:>n co:>ling. 
yielded 0.71 g . of material having m. p. 105-1080. Recrystal1 -
izati~n from 5 m1 . of alcohol furnished o . ol g . (72%) ~f pure 
0 
material having m. p . 107-108 • A mixed melting point with 
starting material gave 107-108°. 
4.0. 







Experiment 17-1: Reaction of 1-Benzenesulfonyl-2-benzyl-
ethylenimine with Benzene in the presence 
of Aluminum Chloride. 
To a 200-ml. flask was added 1.60 g. (0.0058) mole) of 
1-benzenesulfonyl-2-benzylethylenimine, 40 ml. of benzene and 
0.81 g. {0.0061 mole) of aluminum chloride. The reaction mix-
ture was placed on the steam bath for three hours. The reac-
tion product was isolated as in Experiment 1~-1. There was 
obtained 1.09 g. of a heavy, viscous oil which could not be 
crystallized from ethyl alcohol, benzene, carbon tetrachloride, 
acetone, or ethyl ether. 
4.8 . 
~£eriment 18: Preparation of l Bromo-2-benzenesulfonamido-
3-phenylpropane 
Method A: To a vigorously stirred solution of l.o g. 
(O.OOol mole) of 2-amino-1-bromo -3-phenylpropane hydrobromide 
in 10 ml. of water was added 0.78 ml. (O.OOc mole) of benzene-
sulfonyl chloride followed immediately by a solution of 0.86 g. 
(0.010 mole) of sodium carbonate in 10 ml. of water. After 
the mixture had been stirred for one hour at room tempterature, 
the mixture was extracted with ether to remove the oily product. 
The ether extract was washed thoroughly with water, drled over 
I magnesium sulfate and then distilled from a steam bath. 'l'he 
oil obtained, which weighed 1.30 g. (72%), was dissolved in 
ethyl alcohol and upon cooling in an ice-water bath afforded 
1.03 g. (57%) of product having m. p. 22-23°. 
Method B: A mixture of 10 ml. of 48% hydrobromic acid 
and 0.4 g. (0.00146 'mole) of l-benzenesulfonyl-2-benzylethyl-
1enimine was heated on the steam bath for one hour. After the 
addition of 20 ml. of water, the reaction mixture was cooled 
in an ice-bath and then thoroughly extracted with ether. This 
ether extract was dried over sodium sulfate, and distilled 
from a steam bath leaving 0.44 g. (84%) of crude product. This 
0 
material was crystallized dram ethyl alcohol at 15 and yield-
ed 0.34 g. (65%) of pure white crystals melting at 22-23° . 
A mixed melting point of the product from Method A and Method B 
gave 22-23°. 
Analysis· c-alculated for C10 H16 NS01 Br; C, 50.8; H, 4.5 
Found: C, 50.6; H, 4.6 
49. 
Exper~ent 18-1: Reaction of 1-Bromo-2-benzenesulfonamido-3-
phenylpropane with Benzene in the presence 
of Aluminum Chloride. 
To a 200-ml. flask was added 1.48 g. (0.0041 mole) of 
1-bromo-2-benzenesulfonamido-3-phenylpropane, 40 ml. of benzene 
and 1.29 g. (0.0097 mole) of aluminum chloride. The reaction 
mixture was placed on the stewn bath and refluxed for three 
hours. The reaction mixture was added to a beaker containing 
100 ml. of ice-water and 10 ml . of concentrated hydrochloric 
acid. The upper benzene layer was separated and the lower 
aqueous layer thoroughly extracted with ether. The ether and 
benzene layers were combined and dried over sodium sulfate. All 
solvent was removed by vacuum distillation and the residual oil 
crystallized from 5 ml. of 95% ethyl alcohol . There was ob-
tained 1 . 21 g . (75%) of material having m. p . 22-23° . A mixed 
melting point with starting material gave m. p . 22-23°. 
50 . 

in a sealed tube. Reductive cleava e of the benzenesult~nyl 
group with sodium 1n isoamyl alcoh~l , and with lithium aluminum 
hydride proved to be possible , but furnished the desired pro-
duct in impractica yields. Of the three solvents (tetrahydro- • 
furan, dioxane and n-butyl ether) used with lithium aluminum 
hydride , n-butyl ether at 1~0° resulted in the highest y1eld, 
lb.4~. It was found that the 3,3-diphenylpropylamine, which 
li was an oil, rapidly absorbed carbon dioxide from the air to f •:>rm 
a substituted ammonium carbamate. 
A preliminary study of the mechanism was undertaken. Four 
compounds were prepared which might either be in termed ia te s or 
products transformed int~ the N-(3,3-diphenylpropyl)-benzene-
sulf:>namide under the experimental conditions used. These 
compounds were N-(benzenesulfonyl) -cinnamylamine, N -(~,~·di­
phenylisopropylj-benzensulfonamide, 1-benzenesulfonyl-2-benzyl-
ethylenimine and 1-bromo-2-benzenesulfonamido 3-phenylpropane. 
Both cinnamylamine and ~~~· diphenylisopropylamine had been pre-
pared previously although their benzenesulfonyl derivatives 
were n~t rep:>rted; 1-benzenesulfonyl-2 -benzylethylenimine and 
1-bromo 2-benzenesulfonamido 3-phenylpropane are new compounds. 
fuen the above prepared compounds were allowed to react 
with benzene and aluminum chloride under exactly the same con-
ditions as reaction 1, results described in the foll:>wing 
equations were obtained: 
II II AICb ) 2. C .. l-ls C H-::C11Cn~ NH ~ lhC-.1-1.:: + C .. HE> --+ G. ~s SOl.tVfl~ ('fofo 




